In this model an extremely collimated ultra-relativistic ejecta collides with a dense cloud surrounding the central engine, producing gamma-rays via synhcrotron process. The ejecta is taken as a standard candle, while assuming a gaussian distribution in thickness and density of the surrounding cloud, as seen from the central engine. Due to the cloud high density, the synchrotron emission would be an instantaneous phenomenon (fast cooling synhcrotron radiation), so a GRB duration corresponds to the time that the ejecta takes to pass through the cloud. Fitting the model with the observed bimodal distribution of GRB's durations, we obtained n ∼ 3 × 10 17 cm −3 and L ∼ 2 × 10 13 cm for the mean density and mean thickness of the surrounding cloud, which yield M cloud ∼ 6M ⊙ for its mass, and E ∼ 10 48 erg, Γ ∼ 10 3 , and ζ m ∼ 10
INTRODUCTION
Undoubtedly, gamma-ray bursts (GRBs) have remained to be one of the most exiting, intriguing, and enigmatic astrophysical phenomena since their mysterious discovery in the past several decades ago ( for a recent expository review of GRBs the interested reader is referred to the excellent work by J. I. Katz (2002) ). Although no two GRBs resemble each other and each one has its own peculiarities which makes the problem of modeling GRBs very difficult, the whole of GRBs reveals several interesting features. Since the publication of the BATSE data ) which included the observation of over 200 GRBs and revealed an almost uniform distribution of the location of GRBs in the sky, combined with the deficiency of faint GRBs, the association of GRBs with the galactic plane has been ruled out. They are either associated with a local feature or they must be cosmological objects. The successive publications confirmed the figure more and more (Meegan et al. 1996; Paciesas et al. 1999) . However, since the observation of afterglows in X-ray (Costa et al. 1997 ), optical (van Paradijs et al. 1997 ) and radio spectrum (Frail et al. 1997 ) and the advert of Robotic Optical Transient Search Experiment (ROT-SIE) telescope (Akerlof et al. 2003; Gisler et al. 1999, e.g.) which has revealed the red shifts for several GRBs, their cosmological origin is widely accepted. The BATSE data Meegan et al. 1996; Paciesas et al. 1999 ) has also revealed another equally important overall feature of the GRBs. The distribution of time duration in observed GRBs shows a double heap distribution, which the smaller one peaks around 0.2 sec and the larger one peaks around 20 sec (Fig.1 ). This two peaked distribution which apparently separated GRBs into the so called short duration and long duration ones was referred to as bimodality Norris et al. 1993) and led some investigators to believe that there are two distinct populations of GRBs (Salmonson & Wilson 2002; Fields et al. 2002, e.g.) . These two might be different in their energy mechanism, amount of energy release, or cosmological origin. It has been widely believed that whatever the central engine is, the radiation reaching us originates from the space surrounding the central engine. It is also believed that during the collapse the energy release streams out in relativistic confined ejectas (not isotropically) and thus the total energy release during each event is far less than the unbelievable amount that might obtain by assuming isotropic radiation (Kulkarni et al. 1999) . The aim of this paper is to present a rather simple model, based on these general ideas, and show that there is no need for assuming two distinct populations of GRBs, and to show that once the geometrical considerations and cosmological effects are fully accounted for a genetic standard candle ejecta crossing an amorphous dense cloud having gaussian distribution both in its thickness and its density in various directions, the so called bimodality can be deduced. Equivalently, one may think of spherical clouds around the central engines which their thicknesses and their densities differ from one to one, but having gaussian distributions both in their thicknesses and their densities. Let's call the first case as case(I), and the second one as case (II) . Obviously, the two cases have the same results while being different in phenomenology. Here the discussion is constrained to the first case. In § 2 the model and its general formulation are introduced. In § 3 the computational results and the fit of model parameters with BATSE data will be presented. § 4 is devoted to a discussion on the results, and § 5 to some remarks.
THE MODEL: ULTRA-RELATIVISTIC EJECTA SWEEPING A DENSE CLOUD

Essential Ideas
An extremely beamed ultra-relativistic ejecta sweeps a dense cloud surrounding the central engine. The external shock model, based on the framework presented by James E. Rhoads (1998) is used. Though the Rhoads paper is devoted to explaining features of observed afterglows, essentially the break feature in their light curves, but his idea of a laterally spreading ejecta+swept-up cloud might not be restricted only to ISM as the decelerating media. Firstly, we are to review the essential aspects of Rhoads' idea that led us to a new model for GRBs: He shows that the evolution has a first stage, named power law regime, which prolongs as Γ, the Lorentz factor of the ejecta, remains greater than 1/ζ m , where ζ m denotes the initial opening angle of the ejecta. He finds that in this stage the quantity t ⊕ (the time from the event measured in the terrestrial observer's frame) has a power law behaviour with respect to t (the time from the event measured in the burster frame), as :
where z is the red shift of the source, and, n and E stand for the number density of surrounding medium and the initial kinetic energy of the ejecta. He also shows that the second stage of the development, named as exponential regime, begins when Γ becomes less than 1/ζ m . In this regime the relation between t and t ⊕ is as below:
where t b and t ⊕,b denote the time that Γ becomes equal to 1/ζ m , as measured by the source and the terrestrial observers respectively:
and furthermore:
. Based on a synchrotron emission mechanism, Rhoads shows that the observed frequency of the spectral peak at the break time t ⊕,b is of order:
where n ISM denotes the number density of ISM, which is typically about 1cm −3 . Provided that the most of the time duration elapses in the exponential regime, this frequency may be taken as the upper limit for the observed frequency. If (n/n ISM ) 1/2 (ζ m /0.1) −4 were of order of 10 13 , this frequency might be of order of 10 24 Hz, which corresponds to ∼ 10 Gev as the most energitic photons observed in gamma-ray bursts (Dingus et al. 1993; Jones et al. 1996) ; of course, provided that equation(4) remain true for a wide range of n ′ s and ζ m ′ s. For instance, if n = 10 18 cm −3 and ζ m = 0.01, Such a hard gamma-ray emission may be expected. Furthermore, as will be shown in § 2.2, in such a dense medium the synchrotron cooling time is very short compared to typical duration of GRBs. So, the GRB prolongs only during the time the ejecta moves in the dense cloud. Therefore, denoting the cloud thickness by L, the GRB duration T in the burster frame would be about L/c, assuming the speed of ejecta to remain close to the light speed c. The essence of our model can be introduced now : Suppose the cloud to have a gaussian distribution in its thickness L, so that the probability density for the cloud to have a thickness L in a specific direction as seen from the source to be as below: dp dL
where L and σ L denote the mean thickness of the cloud and the dispersion, respectively. The first claim is that the observed distribution in duration of long GRBs is due to the thickness distribution. From now on in this part an introductory reasoning for this claim is presented, and in later parts of this section the entire formalism will be explained. Considering an ejecta with opening angle ζ m = 0.01 crossing a dense medium with n = 10 18 cm −3 , the observed break-time t ⊕,b , as can be obtained by using equation (2), would be about 1 sec (E ∼ E sym .ζ 2 m = 10 52 ergs × 10 −4 = 10 48 ergs). So, in such densities the observed T ⊕ for long duration GRBs, which is typically about 20 sec, would be much larger than t ⊕,b , and it can be concluded that the most of time duration, as measured by the terrestrial observer, elapses in the exponential regime. So considering equation(1), the relation between T ⊕ and T may be taken as :
Substituting T = L/c, equation (5) can be written as:
where : logT ⊕ ≡ (L/c − A)/B (A and B are constants). So, the probability density of observing a burst having a specified logarithm of duration would have a gaussian shape when plotted versus logT ⊕ . This is really more or less perceivable in the observed distribution of long GRBs (Fig.1) . Briefly, the observed distribution of long GRBs may be due to : 1) the gaussian distribution in thickness of the cloud surrounding the central engine, 2) the shortness of t ⊕,b in comparison to the observed time duration and consequently the exponential dependence of t ⊕ on t.
During the work on this model, using such simple assumptions, we could explain the long duration heap in Fig.1 , but the first attempts in explaining the short duration heap were unsuccessful. Later, as well as assuming a gaussian distribution on thickness of the cloud, we considered a gaussian distribution on its density, so that:
where n and σ n denote the mean density and the dispersion respectively. As discussed in § 2.2 to § 2.6 and evaluated in § 3, with a suitable choice for initial parameters of the ejecta; ζ m , Γ o , and E (the initial kinetic energy of the ejecta), as well as ones for the clouds' parameters L, σ L , n, and σ n ; the bimodality seen in time duration distribution of GRBs can be explained. So, in this model, the central engine is taken as a standard candle and the observed distribution in time duration is attributed to the thickness-density distribution of the cloud that surrounds the central engine. The obtained results showed that L = 1.7 ×10 13 cm, σ L = 0.21L ,n = 2.9 × 10 17 cm −3 and σ n = 0.71n ( § 3), which are corresponded to a mean mass of M ≃ 6M ⊙ . the obtained L and M are not far from corresponding quantities for the envelopes of massive stars, supporting the idea that ascribes GRBs to supernovae (Coburn & Goggs 2003; Sheth et al. 2003; Butler et al. 2003 , as recent pieces of documentation). Obviously the optical thickness of such a dense cloud is too high to allow the emitted photons to pass through it without being scattered and escape to free space, but due to an opacity suppression mechanism (Shekh-Momeni & Samimi 2004) the cross section in Compton scattering effectively drops to such low values that the shocked matter carrying the emitted photons turns out to be an optically not-too-thick medium ( § 2.3).
The Ejecta Evolution
The equations describing the ejecta evolution is presented, based on the notations of Paczynski & Rhoads (1993) . Firstly, considering the cloud to be at a distance r 0 from the source, which is negligible in comparison to the cloud thickness L, the ratio of swept-up mass to ejecta mass M o has the form below:
where, r is the ejecta distance from the source, and ρ(r) the cloud density, which is equal to m p n. We write Ω m (r) = 2π(1 − cos(ζ(r))), where ζ(r) represents the opening angle of the ejecta at radius r. So, equation (8) can be written as:
where we used E = Γ 0 M o c 2 . Paczynski & Rhoads (1993) derived the relation between f and Γ from conservation of energy and momentum. Here, we use it in a form suitable for our computations:
The angle ζ(r) increases with increasing r as a result of lateral spreading of the cloud of ejecta+swept-up matter in the comoving frame at the sound speed c s , which has been driven by Rhoads (1998) to be as below:
where t co being the time from the event measured in the ejecta comoving frame. Substituting dt co = dt/Γ, and dt = dr/βc, we have :
Now, eliminating f between eqs. (9) and (10) yields:
Let's rewrite eqs. (12) and (13) in a non-dimensional form as below:
where, the parameter η is defined as:
and:
These coupled first order differential equations can be solved numerically by introducing the initial conditions:
where η 0 ≡ r 0 /l(n/E). The results are shown in Fig.2 and Fig.3 for Γ 0 = 1000 and ζ m = 0.01.
1/2 , we have:
where in equation (18), the equation (15) and a non-dimensional time parameter τ defined as:
is used. The numerical results of equation (18) will be used in § 2.4, where the effect of burster geometry on the observable time duration is explored.
Scyncrotron Cooling Time in Dense Cloud Model
Throughout this part we use the excellent review paper of Piran (1998) . The synchrotron cooling time in the comoving frame is :
where σ T is the Thomson cross section and γ e the Lorentz factor of the emitting electron, while U B stands for the energy density of magnetic field which in GRB literature is assumed to be proportional to u, the comoving internal energy of shocked matter:
so that ξ B represents the share of magnetic field in u, which is given by:
The electrons in shocked media are assumed to develop a power law distribution of Lorentz factors:
The convergence of total energy of the electrons requires the power index p to be greater than 2, while the assumed lower limit γ e,min is to prevent the divergence of electron number density which is obtained to be:
where ξ e ≡ u e /u represents the portion of the electrons in internal energy of shocked matter. Using equations (21), (22), & (24) in equation (20) we see:
Now, the time interval between emission of two photons from the same point in the comoving frame, δt co , and the time interval δt ⊕ of their arrival to a cosmologically distant observer are related as below:
So the synchrotron cooling time measured by a terrestrial observer turns out to be:
which is clearly much less than all observed time durations of GRBs. So, the synchrotron emission in a dense cloud model must be considered as an instantaneous process, and therefore, the surface of shock front must be regarded as the emitting surface. This makes us to attribute time duration of a GRB only to the time that the shock front takes to cross the dense cloud. Here, we want to find the relation between Γ and Γ ′ which are respectively the Lorentz factors of the shocked matter and of the emitting surface (shock front). In Fig.4 , β and β ′ correspond to shocked matter and shock front speeds, both measured in the source frame. In the shocked matter frame (Fig.5 ) the dense cloud which is seen to have a density Γ n, moves toward the shocked medium with speed β, while being compressed to a density equal to 4Γn. Consequently, as illustrated in Fig.5 , the shocked medium expands toward right in a speed β ′ co which is really the speed of the shock front in the shocked matter frame (compare Fig.4 and Fig.5 ). Considering the conservation of nucleon number, it can be seen that:
Clearly, as to the relativistic summation of velocities, β ′ and β ′ co are related as:
Noting the relations Γ = (1 − β 2 ) −1/2 and Γ ′ = (1 − β ′ 2 ) −1/2 , the substitution of equation (28) in equation (29) finally gets:
emphasizing that Γ appears in equation (10), while Γ ′ denotes the Lorentz factor of the shock front. The distance from the origin to the shock front, denoted by r ′ , can be obtained by integrating β ′ over t:
The results are shown in Fig.6 for Γ 0 = 1000 and ζ m = 0.01, and it can be seen that the difference between r and r ′ never exceeds one percent, so hereafter for simplicity we use the symbol r for the location of the shock front too.
Geometrical Considerations
In this part the effect of burster geometry on its observed duration is investigated. At the first stage, as shown in Fig.7 , we consider a radiating segment on the shock front. The symmetry axis is denoted by z ′ . Noting the definition of ǫ in the figure, it can be seen that as well as a radial component dr/dt, the velocity vector of the segment must have a lateral component v lat which is equal to:
as measured in the source frame. In equation (32), the non-dimensional radius η is used instead of r, as defined in equation (15). Equation (32) is obtained simply by using equation(12) and assuming that the lateral speed of the segment in a frame moving (only radially and) instantaneously along with the segment, to be the fraction ǫ/ζ(η) of lateral speed of the emitting surface at its edges c s , and noting that the lateral velocity in the source frame is less than its corresponding value in the (radially instantaneous) comoving frame by the factor 1/Γ. In Fig.7 the axis of the radiation cone emitted by the segment is denoted by z ′′ , which is really parallel to the velocity vector of the segment and, as seen in the figure, it makes an angle ǫ+tan −1 [ǫc s /(Γβcζ)] with z ′ axis. It is well known that the radiation emitted by the segment is almost confined to an angle 1/Γ, and so the radiation angle ζ rad (η, ǫ) (as defined in the figure) can be written as below:
and the total radiation angle, defined as the radiation angle at the edge of the emitting surface, can be written as:
Using the results of equation (14), the total radiation angle, ζ rad (η), can be evaluated for every "η". Now , having defined and evaluated the total radiation angle, it is time to explore the effect of burster geometry on its observed time duration T ⊕ . As shown in Fig.8 , the problem is studied in a spherical coordinate system in which the burst source is taken as the origin and the line of sight as the polar axis z. Consider a photon emitted off a point on the emitting surface (the shock front) with radial coordinate r and polar coordinate Θ; and at an instance t, measured in the source frame (the point is not shown in the figure) . The relation between t and the photon arrival time t rec to a (cosmologically) near observer is obtained by Granot, Piran, & Sari (1999) . Making suitable for our model, it is adjusted to the form below:
In this equation the instance t = 0 is defined as the time that the ejecta collides with the dense cloud at r = r 0 ; while t rec = 0, is the time that the terrestrial observer receives the photon from the point with coordinates r = r 0 and Θ = 0, emitted at t = 0. Defining:
and noting equation (15) and equation (19), we rewrite equation (35) in the form below:
Multiplying equation (35) by the cosmological time dilation term (1+z), results in the arrival time as may by observed at the Earth:
or equivalently:
where again:
Now, as shown in Fig.8 , a situation is considered where the ejecta's symmetry axes makes an angle θ with the line of sight. The necessary condition that at least some photons of the emitting surface to be detected by the near observer is:
Let's denote the inverse of functions ζ rad (η) by η rad (ζ rad ), that gives the radius corresponding to ζ rad . So, as it can be seen in Fig.8 , for θ's larger than ζ rad (η 0 ) the first photons reaching the detectors are those emitted at η = η rad (θ). So, we use τ (η) (which is obtainable by solving equation (18)) to write:
which τ 1 (θ) gives the time from it on the emitted photons can reach to the (cosmologicaly near) observer, and obviously equals zero for θ < ζ rad (η 0 ). Now, using the numerical results of equation (18) one can make up the the function η(τ ) and then, as to the equation(37), the non-dimensional time τ rec,1 (measured in an observer frame close to the burster) corresponded to τ 1 (θ) would be:
Now, we are to find the time τ rec,2 (θ) that from it on no photon can be detected by us. In  Fig.8 , the photons emitted from point A can reach us at all times greater than τ 1 (θ). Let's remind that the emission process terminates at the time that the shocked matter goes out of the cloud. So, taking a glance at equation (37), it can found that the closer to the point B is a point on the emitting surface, the larger arrival time its photon would have, provided that the line of sight to remain in the radiation cone. So, defining:
and recalling equation (33), one should solve the equation:
( Fig.8 ) and find the function ǫ(η L , θ), which gives the furthest point on the shock front at the radius η L , that its radiation can reach us. Clearly, the solution is acceptable only if it remain smaller than ζ(η L ). So we say that:
The time duration of a GRB, τ rec (θ, η L ), equals to τ rec,2 (θ, η L ) − τ rec,1 (θ) and, as to equation(43) and equation (46), besides being a function of parameters of the ejecta and the cloud, it is also a function of the inclination angle θ. Briefly:
in which T rec (= l(
n E
).τ rec (θ, η L )) denotes the duration of the GRB, as measured by an observer cosmologically close to the burst. The expression (47) needs some explanations. In our model the ejecta parameters ζ m , E and Γ 0 and the radius r 0 are assumed to be the same in all GRBs. So, these parameters are not appeared in equation (47) explicitly , though it is implicitly a function of them too. At the mean time, the density n and the thickness L of the cloud are assumed to differ in different directions, and therefore they are appeared explicitly in the expression (47). Furthermore, if a cloud thickness L is much more than its associated Sedov length l sed ≡ (E/n m p c 2 ) 1/3 , the ejecta may not cross it up, and finally stops in it. In such a situation the time duration of a GRB would not be a function of L, while it still remains dependent on n and θ. This is why in expression (47), the quantity L is distinguished from n and θ by a semicolon. At the first glance the model appears to have a serious problem in opacity, namely, in this model (as will be find in § 3) the cloud is to have a density and a thickness of orders of n ∼ 10 17 cm −3 and L ∼ 10 13 cm. So, as to the relation τ op = σ T nL, (σ T = 6.65×10 −25 cm 2 ) one would expect an optical depth of order of 10 6 . Such an extremely high optical depth makes the model to seem not defensible. It have been shown that (Shekh-Momeni & Samimi 2004) in high temperatures kT ∼ 10 6 m e c 2 the cross section of Compton scattering for Mev photons effectively drops to ∼ 10 −6 σ T , and conclude that such a high temperature plasma is much more transparent than what may seem at first. So, since in fireball models the particles in the shocked medium are expected to have mean energies of order u/(4 Γ n) = Γ m p c 2 ∼ 10 6 m e c 2 (eq.
[22]) the real optical depth of the medium for Mev photons would be 10 −6 times less than what might be roughly expected in the beginning. Now, consider a photon that is radiated from the shock front ( the emitting surface ) moving with Lorentz factor Γ ′ (eq.
[30]), while its passage makes an angle ǫ with the velocity vector of shocked matter (Fig. 4) . if ǫ > Γ ′−1 , the photon remains behind the shock front. So, it may remain in the high temperature shocked medium without being scattered, provided that Γ ′ (η) remain greater than 1/ǫ throughout the time that the ejecta moves in the cloud, and therefore, it may finally succeed to escape to free space. So if the shock front succeed to cross the cloud, then the portion of the radiated photons (which are remained in the shocked medium during the time it is crossing the cloud) might be seen, and so might really make a GRB. But if it do not and finally stop in the cloud, the radiated photons would not be able to cross the cool dense cloud (which is an optically thick medium) and the phenomenon must be considered a failed GRB. So it can concluded that as long as a real GRB is concerned, T rec in expression (47) is really a function of L. These considerations make our modeling more complicated. At this stage we simply omit the bursts which can not go out of the cloud and stop in it, and neglect the effects that these considerations may have on the observable time duration of the bursts that manage to go out of the cloud, which as mentioned before are those that really produce a GRB.
The Complete Formalism
We begin with writing the probability density for a burst to occur in a direction where the cloud's thickness and number density are L and n, respectively:
Denoting the angle between the ejecta symmetry axis and the line of sight by θ (Fig.8) , and considering the independence of the probability density on azimuth angle in equation (48) we can write:
Noting the expression (47), the cloud thickness L can be considered as a function of T rec , n, and θ:
which expresses that the thickness of a cloud can be calculated, provided that T rec , n, and the inclination angle θ to be known (Fig.9 ). So we write:
or:
notifying that by this substitution (eq.
[50]), the bursts that do not manage to cross through the cloud (and stop in it) are practically omitted. Using equation (49) in equation (52), it can be seen that:
Integrating over θ and n yields:
The quantity obtained in the last equation is not the final thing needed, because in which the effect of red shift is not considered. It only gives the the probability density for an observed burst to have a specified logarithm of time duration, as measured by an observer near to it. Hereafter in this part we investigate the relation between dp/d log T rec and dp/d log T ⊕ where as before T ⊕ stands for the time duration of a GRB as may be measured by us, so really the latter is the only observable quantity introduced in this paper. To obtain it the former must be integrated over red shift z, using a weight function F GRB (z), so that F GRB (z) dz represent the number of GRBs occurred in the red shift interval z and z + dz. Consider an observer located on the line from us to an occurred GRB and near to it. The probability density for the GRB to occur in a red shift z (with respect to us), and to have a specific log T rec (measured by the observer near to the GRB), is clearly as below:
To obtain d 2 p/dz d log T ⊕ which represents the probability density for observing the GRB , occurred at a red shift z and observed to have a specific T ⊕ , we write:
noting that T ⊕ = (1 + z)T rec , the second term in the the bracket equals one. Now, regarding equation (55) we have :
and finally, integrating equation (57) over z, the final form of the observable probability density will be: dp
To solve the above integral the explicit form of F GRB (z) is needed. This is the subject of the next part .
The explicit form of F GRB (z)
Here the relation between F GRB (z) appearing in equation (58) and GRB occurring rate f GRB (z) (in units of Mpc −3 yr −1 ) is investigated, so that by adopting a model for the occurring rate, the integral in equation (58) can be evaluated. The Einstein-de Sitter model is used, in which Robertson-Walker (RW) metric takes the following form:
The number of GRBs that their effects could reach us in a time interval δt 0 , which is very much less than the present comoving time t 0 , and from a spherical volume element δV z (regardless of the effects, like the discussed geometrical effects and the effect of detectors threshold, that decreases the detected GRBs) equals:
where r(z) denotes the non-dimensional radial parameter of the source that its effects reach us with a red shift z, and R(z), the scale factor at this red shift. In Einstein-de Sitter model we have simply:
where H 0 is the Hubble constant. Furthermore, in RW metrics:
where R 0 ≡ R(z = 0). Now, using eqs. (61) and (62) in equation (60) we obtain:
The only remained subject is the explicit form of f GRB (z). Since long before the high variability seen in GRB light curves has convinced the investigators to relate GRBs to stellar objects (piran 1998), and consequently their rate f GRB (z) to the star formation rate f SF (z). The simplest model is of course a proportional model f GRB (z) ∝ f SF (z). the proportional model may be correct if GRBs are attributed to the evolution of massive stars whose lifetime is negligible in comparison with the cosmological time scale, but in NS-NS mergers model the delay time from star formation to NS-NS mergers may make a deviation. But, there are difficulties both in the proportional and NS-NS models. Wijers et al. (1998) claimed that there is a good consistency between the proportional model and the observed GRB brightness distribution, while Petrosian & Lloyd (1998) concluded that none of the NS-NS and the proportional model are in agreement with the observed f SF (z). Totani (1999) ascribed this discrepancy to the uncertainties in SFR observations. Anyway we simply assume the GRB rate to be as below:
and take q as a parameter that its best value should be obtained during the fitting procedure. In Fig.10 , F GRB (z) is plotted for a number of q ′ s. Clearly the case q = 0 corresponds to a universe where the changes in the rates of astrophysical phenomena are only due to its expansion (no evolutionary universe). It can be seen that F GRB (z) takes its maximum at z ∼ 1, which is not very sensitive to the magnitude of q.
NUMERICAL COMPUTATIONS AND RESULTS
The Mathmatica 4 software is used in the numerical computations. As explained in § 2.2, in the procedure we begin with solving the coupled differential equations (14) and (18), in which Γ 0 and ζ m are the only free parameters of order of 10 3 and 10 −2 respectively. Furthermore, we take η 0 = 0. For a fixed value of these parameters, the quantities Γ(η), τ (η) and ζ rad (η) can be uniquely obtained. Obviously Γ decreases with increasing η (Fig.2) ), and reaches to Γ = 1 when η approaches to a finite value η max . Really it takes infinite time and results in an infinite observable time τ rec . So one have to consider an effective lower limit Γ min for the Lorentz factor of shocked matter, which yields an effective upper limit for τ that from it on the reached electromagnetic effects turn out to be negligible. We adopted Γ min = 2 as a lower cut-off. Then, following the procedure explained in § 2.4, for a specific cloud thickness L, and correspondingly a specific η L (eq.[44]), the non-dimensional duration time τ rec (θ, η L ) can be calculated for every θ and η L (Fig.9 ). Let's denote the radius corresponded to Γ min by η m so that Γ min = Γ(η m ), and recall that in the model, for η m < η L , the emitted photons would be completely scattered by the electrons of not-swept part of the cloud (that they have to pass through, before entering free space), and so, as noted in § 2.4, the whole phenomenon may be called a "failed GRB ". But, if η m > η L , the shocked matter succeeds to go out of the cloud and again as explained in § 2.4, due to a suppression process that intensively decreases the cross-section of Compton scattering, (at least, a number of) the emitted photons finally succeed to get released from the shocked medium and enter to
−1 ). It is really for this reason that τ rec happens to be a function of η L , and practically independent of η m . So, solving τ rec (θ, η L ) for η L numerically, we can obtain the function η L (τ rec , θ) which is the equivalent non-dimensional form of expression (50). Now let's rewrite eqn.(54) in a non-dimensional form suitable for numerical computations:
where the equation (44), and the definitions:
Choosing the quantities L, σ L , n, σ n , and of course E, the numerical results of equation (65) gives the distribution of observed GRBs versus logarithm of time duration. Then, solving the integral of equation (58), the observable quantity dp / d logT ⊕ can be evaluated.
As can be seen in through out concerned relations by this time, the initial kinetic energy E and the cloud density n appear only in the form E/n, and therefore they can not be found distinctly in a fitting process, and all that can be obtained is only their ratio. But the observed fluence of GRBs reveals that the released energy in GRBs is of order of E sym ∼ 10 52−53 ergs for a symmetric burst (piran 1998), which reduces to (Ω/4π)E sym if the bursts are confined to a cone with a solid angle Ω. So, the free parameters of the model turn out to be Γ 0 , ζ m , L, σ L , n, σ n and q, which hereafter are called Π i parameters which must be found so that to make the best fitting with observed distribution of GRBs. To achieve the task one must search in the seven dimensional space of Π i 's, and find the point in which the statistical quantity χ 2 takes the smallest value χ 2 min . We used the BATSE 4th catalogue (Paciesas et al. 1999 ) of 1234 GRBs and adopted the bins ∆ log T ⊕ = 0.2 in a range −1.9 ≤ log T ⊕ < 2.9, and used the gradient search technique to move toward the best fit in which χ 2 gets minimized. In this technique, χ 2 is taken to be function of Π i 's. So, choosing a beginning value for each of Π i 's, and moving in Π seven-dimensional space in the opposite direction of ∇χ 2 , we approach to the point specified by Π f it in which χ 2 is minimized.
The chosen beginning point were: ζ
, and q (i) = 0. The reasoning for these choices is explained here: ζ (i) m is chosen so that the maximum value of ζ(η) remain of order of 0.1 (Fig.3) , which is the expected value for the opening angle of the ejecta in afterglow models. Really, this model predicts the afterglow to begin after the prompt GRB, when the matter goes out of the cloud and collides with ISM with n ISM ∼ 1cm −3 . The beginning point for cloud density is based on the discussion made in § 2.1. The beginning value Γ (i) 0 is adopted as high as 10 3 to certainly fulfill the necessary conditions for realization of the discussion made in § 2.4 on the opacity of the shocked matter. On the other hand as evidenced by observing high polarization of the received flux of GRB021206 (Coburn & Goggs 2003) and GRB020405 (Bersier et al. 2003) there might be an extremely high magnetic field at the source. So the high beaming of the ejecta can be considered to be due to it. In such a situation the beam can get collimated up to an angle 1/Γ (Begelman,Blandford,&Rees 1984) , and so, we must have Γ 0 > 1/ζ m . The beginning value L (i) is chosen to be 10 13 cm in order to the mean mass of the cloud to be of order of stellar mass ∼ 10 34 gr. Further more, the quantities σ L and σ n are chosen as small as 0.1L and 0.1n respectively to avoid large dispersion in the cloud mass that is to remain of order of stellar mass. Finally, we simply adopted q i = 0, which is corresponded to a no evolutionary universe, as long as GRBs are concerned. The obtained fitted values are:
and their corresponding value for χ 2 min is obtained to be 1.4 (per degree of freedom). As can be seen in Fig.11 , the deviation from a more complete coincidence seems to be for the structure in the observed distribution located at log T ⊕ ∼ 0.7. The structure has been noted before (Yu et al. 1998) . We put aside the the data of the noted structure, which are ones with durations between 0.3 < log(T ⊕ ) < 0.9, and again repeated the numerical searching process with the same Π σ L = 0.21L σ n = 0.71n
but at this time, χ 2 min reduces to 1.1 (Fig.12) . So if the model is correct, the mentioned structure may be interpreted as a result of an independent phenomenon which its corresponding data are added to the main population of GRBs.
DISCUSSION
Though the original shape of eqs. (48) and (49) are naturally normalized, the resulting final relations (54) and (58) are not, because: 1)the bursts that their symmetry axes make an angle θ > ζ rad (η L ) can not be detected, 2)the bursts for them η m < η L were not considered in the numerical computation process (ones not managed to cross out the cloud). The total probability of observing the occurred bursts equals:
(dp/d log T ⊕ ) d log T ⊕ In the model we obtained α = 1.4710 −6 for the best fitting. The smallness of α must be interpreted to be due to above two reasons. The first reasoning describes the suppression of observed GRBs by the term (Ω/4π) ∼ ζ 2 m /2 ∼ 10 −4 , while the second is responsible for the remained factor 10 −2 . So, only about one percent of the bursts manage to produce a real GRB, and only about 10 −4 of these GRBs occur in our line of sight. At the mean time the observed bimodality must be interpreted as a result of the second reasoning. Though one may expect a unique heap in the distribution associated with the directions in the cloud having both the most probable L and n (where are equal or near to L and n), but as the numerical computation reveals, these clouds are too thick and too dense to be crossed out by the ejecta, and therefore there would be no real GRB in this case. So, one is left with four more probable regions: 1) n ∼ n and L < L 2) n ∼ n and L > L 3) n > n and L ∼ L 4) n < n and L ∼ L Using the function T rec (L; n, θ) ( § 2.4) it can be seen that the clouds associated with region(1) produce the short duration GRBs, and ones associated to regions (2) and (3) produce no GRB, while the others in the forth region produce the long duration ones. In Fig.13 and Fig. 14, T rec (L; n, θ) is plotted for a number of possible thicknesses with n = n and n = 10 −6 n respectively. In Fig.15 , it is plotted for a number of densities, when η L = L/l(n/E) has the highest permitted value η m .
REMARKS
With final values for the fitted parameters in equation(66) or in equation (67), the mean mass of the clouds M ≡ 4 3 πnm p L 3 must be about 1.2 × 10 34 gr ≈ 6M ⊙ , which is of order of envelop mass in massive stars. Such amorphous clouds may seem strange in usual supergiants, but in close neutron star-supergiant binaries where the neutron star orbits around the core and accrete the envelope, the spherical symmetry is likely removed, as pointed out by Podsiadlowski et al. (1995) . Terman, Taam, & Hernquist (1995) show that the system would emerge to form a red supergiant with a massive Thorne-Zytkow Object (TZO) (Thorne & Zytkow 1977) . Podsiadlowski et al. (1995) also estimated a TZO birth-rate of ≥ 10 −4 yr −1 in the Galaxy. Qin et al. (1998) introduced AICNS (Acration-Induced Collapse of Neutron Stars) scenario as GRB engines.
It is observed that the time interval of a pulse in a GRB light curve is related to the pulse frequency ν as δT ∝ ν −0.4 (Fenimore et al. 1995) . This relation may be explained by the mechanism introduced by Kazanas, Titarchuk & Hua (1998) . They showed that a sudden pulse with a frequency ν would spread in a time interval δT as it crosses a medium with optical depth τ , so that δT ∝ ν −τ . This may be the case in our model in which the emitted photons have to pass through a shocked medium with an optical depth comparable to 1 (the last paragraph in § 2.4). Furthermore, since the synchrotron cooling mechanism is fast ( § 2.3), the variability seen in GBR light curves may be attributed to the heterogeneity of cloud's density in ejecta's trajectory.
Numerical computations do not show high sensitivity to initial opening angles smaller than 0.01. Furthermore, if the opening angle ζ m is taken to be exactly zero the radius r 0 which represents the nearest distance from the source to its surrounding cloud will not appear in the final shapes of the equations governing GRBs. Such a situation is not studied in this work but the results will be important if we think of a GRB as an event that follows from a supernova, in which the remnant may be highly amorphous and far from the source.
A complete study needs to include flux computations. Besides the importance it has by itself, an exact comparison with observed time duration data would be possible only when the theoretical time duration appearing in this work were exactly evaluated in the same manner as the observable duration T 90 is defined (as the time interval over which 5 percent to 95 percent of the burst counts accumulate). Meanwhile, BATSE's triggering mechanism made it less sensitive to short GRBs than to long ones and therefore short GRBs were detected to smaller distances (Mao,Narayan,& Piran 1994; Cohen & Piran 1995; Katz & Canel 1996) , so a smaller number of them have been observed. Lee & Petrosian (1996) studied this effect and corrected the number of short GRBs. In a more exact work this correction must be considered too.
F. S. acknowledges Dr. Rahvar, and his colleagues in Alborz Gamma-Ray Observatory, Dr. Purmohammad , Mr. Khakian-Ghomi and Mr. Hamedi-Vafa, who devoted time to discuss about the model after our weakly seminars on high energy astrophysics. He also thanks Mr. Mehdi Haghighi for his kindness and his guides on computational methods. -Shocked matter and shock front (emitting surface) speeds, both measured in source frame. In the figure if the angle ǫ were larger than (Γ ′−1 ) the photon would be overtaken by shock front (from which it were emitted), so that the photon would remain in the shocked medium. -Geometry of Radiation. η rad (θ) denotes the radius where the radiation angle ζ rad becomes equal to θ. As shown in the figure the first photons reaching us are those emitted from the edge of the shock front at this radius. The last photons are those emitted from the point S on the shock front when it goes out of the cloud at radius r = r 0 + L (equivalently, at η = η L ). Point S would be the furthest visible point on the shock front, if for the points farther than it (between S and B) the line of sight fell out of their radiation cone. Otherwise point B would be the last visible point (eq.
[46]). is plotted for a number of q's (the value is written near to the peak of corresponding curve). It can be seen that all curves have a maximum at z ∼ 1, explaining that most of GRBs, have redshifts z ∼ 1. -Results of best fitting. We obtained χ 2 = 1.1 when the data corresponding to the structure with 0.3 < log T ⊕ < 0.9 were cut. The solid curve shows the observed distribution and the dashed one is obtained as the best fitting. -log T rec (L; n, θ) is plotted versus θ for a number of densities, when η L = L/l(n/E) equals to the highest permitted value η m . The number near each curve is log(n/n) (n = 2.9 × 10 17 cm −3 ).
